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INTRODUCTION: BEYOND SOLID, LIQUID, AND GAS

When  many  of  us  think  back  to  school  science  lessons,  we
remember the classic three states of matter: solid, liquid, and
gas. Ice, water, and steam form the perfect triangle of physical
forms that  we see every  day.  But  there  is  a  fourth  state  of
matter, a fascinating and highly energetic condition that actually
makes up over 99% of the visible universe. This is the fourth
state of matter – plasma.
Plasma isn’t  just  a  scientific  curiosity;  it  powers  the  stars,  lights
up  our  cities  in  neon  signs,  and  is  central  to  revolutionary
technologies.  In  this  article,  we will  explore what the fourth
state of  matter  really  is,  how it  differs  from the others,  where
you  can  find  it,  and  why  it  matters  for  the  future  of  energy,
manufacturing,  and  even  medicine.

WHAT EXACTLY IS THE FOURTH STATE OF MATTER?

To understand plasma, we first need to recall the simpler states.
In  a  solid,  particles  are  tightly  packed  in  a  fixed  structure.  In  a
liquid,  they  slide  past  each  other  but  stay  close.  In  a  gas,

particles move freely and far apart. The fourth state of matter
– plasma – takes things a step further: it is a gas that has been
heated or energized so much that some or all of its atoms split
into free electrons and positive ions.
This process is called ionization. Unlike a gas, plasma conducts
electricity and responds strongly to magnetic fields. It is not just
a  "hot  gas"  –  it  is  an  electrically  conductive,  quasi-neutral
collection of charged particles. The word "plasma" was first used
in this context by the chemist Irving Langmuir in the 1920s, who
noticed the glowing, ionized gas inside a discharge tube behaved
like  a  living  substance  (the  word  comes  from the  Greek  for
"moldable substance" or "jelly").

Key Properties That Define
Plasma

Electrical Conductivity: Because it contains free
electrons and ions, plasma can carry electric current much
better than a gas.
Response to Magnetic Fields: Charged particles in
plasma spiral along magnetic field lines, which allows us to

https://web1.enteraskincare.com/


2

2 The Fourth State Of Matter Jo Ann Beard 2025-11-26

confine plasma using magnets – critical for fusion research.
High Temperature or Energy: Creating plasma typically
requires extreme heat (thousands to millions of degrees) or
intense electromagnetic fields.
Collective Behavior: Particles in a plasma interact
through long-range electric and magnetic forces, not just
short-range collisions like in a gas.
Emission of Light: When excited electrons drop back to
lower energy levels, they release photons – this is why
plasma glows in neon tubes and stars.

EVERYDAY EXAMPLES OF THE FOURTH STATE OF
MATTER

You might think plasma is rare or only found in outer space. In
truth, it’s all around you. Here are some common examples of
the fourth state of matter in action:

Stars – Including Our Sun
The Sun is a giant ball of plasma. Deep inside, nuclear fusion
occurs  at  temperatures  of  about  15  million  degrees  Celsius,
turning hydrogen into helium and releasing enormous energy.
The Sun’s plasma – often called the solar wind – streams outward
and affects the entire solar system. Auroras on Earth are created
when charged particles  from the solar  wind interact  with our
planet’s magnetic field and upper atmosphere.

Lightning
A lightning bolt is a dramatic, short-lived plasma channel. When
the  electric  field  in  a  thundercloud  becomes  intense  enough,  it
tears electrons from air molecules, creating a conductive plasma.
The intense heat (up to 30,000°C) makes the air expand rapidly,
producing the sonic boom we call thunder.

Neon and Fluorescent
Lights
A neon sign contains a low-pressure gas (neon, argon, or mercury
vapor)  that  is  ionized by an electric  current.  The ionized gas
becomes a plasma and glows with a characteristic color – red for
neon, blue for argon. Fluorescent tubes and compact fluorescent
lamps work similarly, often using a mercury plasma that emits
ultraviolet  light,  which  then  excites  a  phosphor  coating  to
produce visible light.

Plasma Displays and
Televisions
Older plasma TV screens use tiny cells of ionized gas (plasma)
that emit ultraviolet light to excite colored phosphors. Although
largely replaced by LEDs and OLEDs, plasma displays were once
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a cutting-edge application of the fourth state of matter  for
home entertainment.

HOW IS PLASMA CREATED?

There are two primary ways to produce plasma: by adding heat
or by applying a strong electric field. In nature, heat is the main
driver – stars are hot enough to keep hydrogen in a plasma state
indefinitely. On Earth, we more often use electric fields. A simple
example is a spark plug in a car: the high voltage creates a tiny
plasma channel that ignites fuel. Plasma torches, used in cutting
metal, also use electric arcs to create a hot jet of ionized gas.
Another method is to use radio frequency (RF) or microwave
energy,  which  excites  gas  molecules.  This  is  common  in
semiconductor manufacturing, where plasma is used to etch tiny
patterns onto silicon wafers.

WHY IS PLASMA CALLED THE FOURTH STATE OF
MATTER?

Many people ask,  "Why not  call  it  just  a  very hot  gas?"  The
answer  lies  in  its  unique  physical  properties.  While  a  gas  is
neutral and consists mostly of uncharged molecules, a plasma is
electrically  conductive  and interacts  with  electromagnetic  fields.
The behavior of plasma is so distinct that scientists classify it as a
separate state. In fact, some researchers refer to plasma as the
"first"  state  of  matter,  since  most  of  the  universe's  observable
matter  exists  in  this  form.
There is even a fifth state of matter – Bose-Einstein condensate –
but that exists only at near absolute zero temperatures and is far

less  common.  For  everyday  science,  **the  fourth  state  of
matter** remains the most prevalent after the familiar three.

PLASMA TECHNOLOGIES AND APPLICATIONS

Plasma is not just a natural phenomenon; it is a powerful tool in
modern technology. Here are some key areas where the fourth
state of matter is being harnessed:

Nuclear Fusion Energy
One of the most ambitious goals of science is to replicate the
Sun’s energy source on Earth. In a fusion reactor, a plasma of
hydrogen isotopes (deuterium and tritium) is heated to over 150
million  degrees  Celsius  and  confined  using  magnetic  fields
(tokamaks)  or  lasers  (inertial  confinement).  If  we  can  sustain  a
plasma long enough for fusion to occur, it would provide virtually
unlimited  clean  energy.  Projects  like  ITER  (International
Thermonuclear  Experimental  Reactor)  are working toward this
goal.

Plasma Cutting and
Welding
Industrial plasma torches can cut through steel like a hot knife
through  butter.  The  intense  heat  and  directed  flow  of  plasma
melt and blow away metal. Plasma welding is used for precise,
high-quality joins in aerospace and automotive manufacturing.
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Semiconductor
Manufacturing
Plasma etching is essential for creating microchips. Reactive ions
in a plasma bombard a silicon wafer,  removing material  with
atomic precision. This allows for the tiny features – measured in
nanometers – that power our computers and smartphones.

Medical and Sterilization
Applications
Cold atmospheric plasma (CAP) is a low-temperature plasma that
can kill bacteria and viruses without damaging human tissue. It is
being developed for wound healing, dental treatment, and even
cancer  therapy.  Plasma  can  also  sterilize  medical  equipment
quickly without the heat damage of autoclaving.

Lighting and Displays
As  mentioned,  plasma  lighting  (neon,  fluorescent,  and  older  TV
screens) remains a classic application.  More recently,  plasma-
based excimer lamps produce intense ultraviolet light for water
purification and surface cleaning.

Space Propulsion
Ion  thrusters  and  Hall-effect  thrusters  use  plasma  to  accelerate
ions  to  extremely  high  speeds,  providing  efficient  propulsion  for
satellites and deep-space probes. NASA’s Dawn mission used an
ion thruster to visit the asteroid Vesta and dwarf planet Ceres.

PLASMA IN NATURE: BEYOND EARTH

While  we  often  think  of  space  as  a  vacuum,  it  is  actually  filled
with  plasma.  The interstellar  medium, nebulae,  and the solar
wind are all  forms of the fourth state of matter.  Even the
tenuous  atmosphere  around  Earth’s  magnetosphere  contains
plasma. The beautiful colors of auroras – green, red, purple – are
caused  by  solar  plasma  particles  colliding  with  oxygen  and
nitrogen in the upper atmosphere.
On Earth,  natural  plasmas are rarer  but  still  exist:  lightning,  fire
(though  the  flame  itself  is  a  partially  ionized  gas),  and  the
ionosphere – a layer of our upper atmosphere that is ionized by
solar radiation and reflects radio waves.

MISCONCEPTIONS ABOUT THE FOURTH STATE OF
MATTER

Some people think that plasma is simply "ionized gas," but there
is more nuance. Not all ionized gases are plasmas. For a gas to
be considered plasma,  it  must  exhibit  collective behavior  –
meaning  that  the  motions  of  particles  are  influenced  by  long-
range electromagnetic  forces,  not  just  by collisions.  A weakly
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ionized gas, like the flame of a candle, has too few free electrons
to qualify as true plasma. Similarly, the ionosphere is considered
a weak plasma, while the Sun’s interior is a fully ionized, strongly
coupled plasma.

THE FUTURE OF PLASMA RESEARCH

Plasma science continues to push boundaries. Researchers are
exploring:

Fusion energy – perhaps the most transformative
application if achieved commercially.
Plasma medicine – using cold plasma for non-invasive
treatments.
Plasma agriculture – treating seeds with plasma to
improve germination and reduce pathogens.
Plasma propulsion for interstellar travel concepts.
Plasma waste treatment – breaking down hazardous

materials at high temperatures.

CONCLUSION: EMBRACING THE FOURTH STATE

The fourth state of matter – plasma – is far more than a scientific
sidebar. It is the dominant form of matter in the cosmos, a vital
component of our technological world, and a key to solving some
of humanity’s biggest challenges, from clean energy to health
care. Understanding plasma helps us appreciate the incredible
diversity of physical states that can arise from the same basic
building blocks: atoms and electrons.
Whether you look up at  the stars,  flick on a fluorescent light,  or
hear  thunder  from a lightning strike,  you are  witnessing the
fourth state of matter in action. As science and engineering
continue to harness its power, plasma will  only become more
central to our everyday lives. So the next time someone mentions
the three states of matter, you can proudly remind them that
there is a fourth – and it’s everywhere.


